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(57) Abstract 

An image is permanently transferred to a sub- 
strate having a cotton component, or other component 
which is absorbent or porous, from a medium printed 
with the image by a computer driven printer. A poly- 
mer surface preparation material and an ink are trans- 
ferred by the printer to the medium from a ribbon or 
ink composition containing the ink and the surface 
preparation material, without activating the surface 
preparation material. The image is transfened from 
the medium to the substrate by applying sufficient 
heat and pressure to the medium to transfer the ink 
and the surface preparation material, with the surface 
preparation material bonding the ink to the substrate. 
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A PRINTING METHOD OF APPLYING A POLYMER SURFACE 
PREPARATION TO A SUBSTRATE 



5 FIELD OF THE INVENTION 

This invention relates to printing generally and is 
more specifically directed to a method of thermally 
printing heat activated ink and thermally printing a 
10 surface preparation material onto paper or other printable 

material as a medium, and subsequently heat activating the 
ink and surface preparation material, thereby transferring 
the design formed by the ink from the medium to a substrate 
on which the design is to permanently appear. 

15 

BACKGROUND OF THE INVENTION 

Words and designs are frequently printed onto clothing 
20 and other textile materials, and other objects. Common 

means of applying such designs to objects include the use 
of silk screens, and mechanically bonded thermal transfers. 
Silk screen process is well known in the art, and a 
mechanical thermal process to textile materials is 
25 described in Hare, U.S. Patent Number 4,244,358. 

The use of computer technology allows a virtually 
instantaneous printing of images. For example, video 
cameras or scanning may be used to capture an image to a 
30 computer. The image may then be printed by any suitable 
printing means, including mechanical thermal printers, wet 
printed (Inkjet) heat sensitive transfers and laser 
printers. These printers will print in multiple colors. 

35 The process of thermal transfers by mechanical means 

is described in Hare . U.S. Patent Number 4,773,953. The 
resulting mechanical image, as transferred, is a surface 
bonded image with a raised plastic like feel to the touch. 
The resulting printed image is stiff to the feel, has poor 

40 dimensional stability when stretched and poor color range. 

Heat activated transfer ink solids change to a gas at 
about 400°F., and have a high affinity for polyester at the 
activation temperature and a limited affinity for most 
45 other materials. Once the gassif ication bonding takes 

place, the ink is permanently printed and highly resistant 
to change or fading caused by laundry products. 

Images produced by heat activated inks, such as 
50 sublimation inks, which are transferred onto textile 
materials having a cotton component do not yield the high 
quality image experienced when images formed by such inks 
are printed onto a polyester substrate. Images which are 
printed using sublimation inks applied by heat and pressure 
55 onto substrates of cotton or cotton and polyester blends 

yield relatively poor results . The natural tendency of the 
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cotton fiber to* absorb the ink causes the image to lose its 
resolution and become distorted. 

To improve the quality of images transferred onto 
5 substrates having a cotton component, such substrates are 

surface coated with materials, such as the polymeric 
coating described in DeVries et . al > , U.S. Patent Number 
4,021,591. Application of the surface coating to the 
substrate allows the surface coating material to bond the 
10 ink layer to the substrate, reducing the absorbency of the i 

ink by the cotton and improving the image quality. 

In the prior art, coverage of the surface coating 
material has not been matched to the image. The surface 

15 coating material is applied to the substrate over the 

general area to which the image layer formed by the inks is 
to be applied, such as by spraying the material or applying 
the material with heat and pressure from manufactured 
transfer sheets, which are usually rectangular in shape.- 

20 The area coated with the surface coating material is 

therefore larger than the area covered by the ink layer. 
The surface coating may be seen extending from the margins 
of the image. The excess surface coating reduces the 
aesthetic quality of the printed image on the substrate. 

25 Further, the surface coating tends to turn yellow with age, 

which is undesirable on white and other light colored 
substrates . 

Hale , U.S. Patent Numbers 5,246,518 and 5,248,363 
30 disclose the use of thermal printers to produce an image on 

a medium or transfer sheet wherein the image is comprised 
of sublimation or other heat activated inks. The method 
described in Hale does not activate the ink during the 
printing of the medium or transfer sheet. 

35 

SUMMARY OF THE PRESENT INVENTION 

The present invention uses a heat activated ink 
40 solids. The ink solids are transferred in the desired 

design by means of a printer onto a medium, which will most 
commonly be paper. The printer incorporates a thermal 
process, but operates at a temperature which is below the 
temperature which will activate the ink solids. Heat 
45 activation of the ink solids does not take place at the 

time of printing of the image by the printer from the 
ribbon to the medium, but rather takes place at the time of 
the transfer of the image from the medium to the substrate 
on which the image is permanently applied. 

50 

Sufficient temperature is applied to the medium and 
the substrate to transfer the image from the medium to the 
substrate. The heat activates, or sublimates, the ink 
solids during this transfer from the medium to the 
55 substrate. The image is then permanently bonded to the 

substrate. 
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The ribbon used with thermal color printers in this 
process has alternate color panels of cyan, yellow and 
magenta, respectively. The heat activated ink solids as 
used do not have an affinity for highly absorbent fibers 
5 such as cotton. The present invention introduces a ribbon 

panel having a polymeric coating thereon, which acts as a 
surface coating for the cotton component of the substrate. 

After the printer makes its third pass to print the 
10 image in the desired colors onto the medium, the printer 

then prints the surface preparation material from the 
ribbon. The surface preparation material is printed over 
the entire image, but does not exceed the boundaries of the 
image. The image is then transferred from the medium to the 
15 substrate by the application of heat and pressure, with the 

surface preparation material permanently bonding the ink 
solids to the substrate. 

20 DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram showing the printing 
process . 

25 Figure 2 illustrates an example of a design printed by 

a printer using the printing process. 

Figure 3 is a diagrammatic illustration showing 
exemplary elements of computer and printing systems which 
30 could be used to achieve the printing process. 

Figure 4 is a section of a ribbon used with a color 
thermal printer demonstrating the three color panels of 
yellow, magenta and cyan respectively, and a fourth panel 
35 having surface preparation material thereon, in a repeating 
pattern. 

Figure 5 demonstrates a ribbon on a roll as the ribbon 
is transported in a thermal printer. 

40 

Figure 6 shows a section of the ribbon as it comes m 
contact with the print head of the thermal printer. 

45 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

In the preferred embodiment,, a video camera or 
scanning device 2 is used to capture an image 3. This 
image is then input into a computer 4. The computer 

50 directs a printer 6 to print the image. Any means of 
inputting an image into a computer may be used, including 
images generated by software. Available computer design 
graphic software may be used, or still photography may be 
used. The design may be photographic, graphic artistic, or 

55 simply letters or words. Virtually any printer which will 
print in response to a computer may be used, including 

- 3 



wo 95/21739 



PCT/US95/01056 



impact, laser or thermal printers. In most applications, 
a printer which will print in multiple colors is desirable, 
A thermal printer which will print in what is known as 
"four pass" (four color) or "three pass" (three color) may 
5 be most commonly used, but laser printers having the same 
multiple color capability are available. The ribbon 20 is 
taken from a roll 21 past a platen 22 and print head 24 on 
. ^to a take up roll 26. Figs. 4 and 5. The use of cyan, 
yellow and magenta panels on the ribbon allow the printer 
10 to print in full color or multi-color designs. 

In the present invention, heat activated ink solids 
are used, and are transferred to a medium by the printer 
without activating the ink solids. In the preferred 
15 embodiment, the heat activated transfer ink solids are 

transferred onto the medium by the printer from a ribbon. 

The ribbon substrate as used with the printer may be 
a plastic or a polyester ribbon. The dry release, heat 

20 activated ink solid may be retained on the ribbon by the 

use of a heat sensitive material which will release the ink 
upon the application of heat to the ribbon. The printer, 
such as a thermal transfer printer, will transfer the ink 
in the desired design and colors from the ribbon to the 

25 medium at a temperature of approximately 140°F. This 

temperature is 'sufficient to release the heat sensitive 
material to allow transfer of the ink solids to the medium, 
without activating the ink solids. The wax aids in holding 
the heat activated ink solids on the medium in the precise 

30 design, eliminating the need for specially coated paper, 

while also producing an image which has high resolution. 

While in the preferred embodiment the binder and heat 
sensitive material are applied with the ink solids from a 

35 ribbon, other means of applying the ink solids with a 

binder could be used. Since a wax in liquid form tends to 
have an affinity for paper, the wax will readily bond with 
the paper medium, holding the ink solids to the medium, 
until the ink solids are released by the application of 

40 heat which is sufficient to heat activated transfer the ink 

solids. Virtually any material may be used as a medium 
which can be printed upon by a printer, and which will 
withstand the heat activated transfer temperature of 400°F., 
as is described herein. If a thermal printer is used, this 

45 medium may be any paper commonly used with thermal 

printers, however, standard bond paper may be used, or even 
a sheet of metal, if the metal can be handled by the 
printer. 

50 A surface preparation material may be applied by the 

printer to the medium. If a multiple pass thermal printer 
is used, one panel of the ribbon used with the printer has 
the surface preparation material thereon. 

55 Color thermal printers print from a ribbon having 

multiple panels of ink bound to the ribbon. Typically, the 

4 
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panels have recurring sequences of cyan, yellow and magenta 
ink, from which multiple color or. full color images may be 
produced. An embodiment of the present invention provides 
an additional panel having a surface preparation material 
5 thereon, which is bound to the ribbon. 

s. 

' The surface preparation material may be a polymeric 

material which is bound to the ribbon by a wax with the 
heat sensitive material binder which is released by the 

10 heat from the printer. The panel having the surface 
preparation material thereon is introduced into the 
sequence of panels, so that the sequence includes recurring 
panels of cyan, yellow, magenta, and surface preparation 
material . 

In use, the thermal printer makes four passes to print 
the image from the ribbon to the medium. The color image is 
printed in the desired form and image by means of the three 
color panels present on the ribbon. The surface preparation 
20 material is then printed as the last pass, so that the 
surface preparation material is applied over the inks as 
they form the image on the medium. 

The surface preparation material is printed only over 

25 the inks, but is printed completely over the ink solids. 

It is desired to have the surface preparation material 
present on all surfaces of the substrate to which the inks 
are applied, but an excess of the material on the edges, or 
fringes is not desirable. A problem which the present 

30 invention solves is that the gross application of^ the 

surface preparation results in yellowing of the fabric, 
which increases as the fabric is laundered. By applying 
the surface preparation material only where the ink is 
applied to the substrate, the surface preparation material 

35 is covered by the ink, and no yellowing or discoloration of 
the substrate by the surface preparation material occurs, 
and no change in hand or feel of the fabric occurs where 
the image is not present. The use of the computer 
controlled printer causes the surface preparation to be 

40 completely printed over the image on the medium for 

complete bonding of the inks, but does not allow the 
surface preparation material to be applied beyond the edges 
or margins of the images, excepting for reasonable 
tolerances . 

45 

Once the image and the surface preparation material 
are printed onto the medium, the image may be permanently 
transferred onto the substrate presently, or at a later 
time. Most commonly, the design will be transferred onto 

50 a textile substrate, such as a shirt 8, although the image 

may be transferred onto other materials, such as metal, 
ceramic, wood, or plastic. The design 3, which is printed 
onto the medium 9 without activating the ink, is placed 
against the object 8. A temperature which is sufficient to 

55 activate the ink solids is then applied. This temperature, 
will typically.be around 400°F. This temperature is applied 

5 
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for a time sufficient to heat activate and transfer the ink 
solids. A heat transfer machine 10 may be used to 
accomplish the transfer of the inks from the medium to the 
substrate. Activation^ or sublimation, does not take place 
5 at the time of printing the image onto the medium, ,even 
though heat may be used to accomplish the printing of the 
image onto the medium, but occurs during the transfer from 
the medium to the substrate. 

10 The heat activated ink solid will bond to a synthetic 

material such as polyester, when sufficient heat is applied 
for a sufficient time. Accordingly, if the object to which 
the design is to be applied is a textile material and has 
a sufficient polyester composition, no surface coating is 

15 required, although it may be applied. 

Printers other than thermal printers could be used. It 
is preferred that the surface preparation material be 
applied antecedent to the printing of the inks to the 

20 medium, however, application of the surface preparation 

material should occur during the printing of the medium. 
For example, if multiple color ink jet printing is 
performed by applying cyan, yellow and magenta inks as 
instructed by the computer, the surface preparation 

25 material should then be applied by the printer over the 

inks so as to cover the inks by the printer. 

It is possible to achieve adequate results by mixing 
or incorporating the surface preparation material into the 
30 ink formulation, along with the ink, binder and other 

components. For example, one or more of the panels of the 
ribbon of the multiple pass thermal printer could 
incorporate a polymeric surface preparation material which 
is printed onto the medium with the ink and the binder. 

35 

The surface preparation material is applied to the 
medium by the printer without activating the surface 
preparation material. The paper which comprises the medium 
may have a cotton content or other absorbent material 

40 content, and it is not desired for the surface preparation 

material to treat the medium. The invention takes 
advantage of the relatively low heat ranges employed by 
printers which use heat as part of the printing process. 
The surface preparation material is not activated by the 

45 ' printer in printing the medium, but is activated by the 
higher heat used to transfer the inks to the substrate. 

The ribbon could be comprised of heat sensitive dye, 
heat sensitive material, binder material and other 
50 additives. A general formulation is shown as: 

Material Weight % 

Sublimation Dye 5—30 

Heat Sensitive Material 30 - 70 

55 Binder 0-30 

Additives 0—30 
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The sublimation dye could have a ^^sublimation 
temperature or activation temperature of 120 to 300 C. 
Examples of such dyes are: C.I. P\^P«^%^^ cyan) , C.I. 
Discerse 14 (cyan), C.I. Disperse Yellow 54 (Yellow), C.I. 
^ ntSSe Red 60 Red), Solvent Red 155 (Diaresin Red K, 

^ ?il)! I?c The commercial sources of such dyes including 

K^ys^one Aniline's Sublaprint* series, ^ASF Corppration s 
Bafixan* Transfer Printing dyes series, Eastman Chemical s 
Etsimin' disperse series and Crompton & „Knowles 
10 coJpoStion's Intratherm* disperse dyes series The heat 

'° senKttve material could be wax or water-like poller 

materials with melting temperature between 50 - 120 C. 
Examples of such materials are hydrocarbon wax, montan wax, 
ei?e? wL7carnauba wax, polyethylene wax, high- fatty acid 
ester wax, oaj. commercial sources of such materials 

T°S??irM"«''andMungenafSe"'ng's full^-refined paraffin 
i»v J.Jies Petrolite Chemical's polywax series, etc. The 

b"der ma«rrals could be selected S^'j^^S 
^terlals having relatively low ™eltxn, po.n^^^^^ 

'° i°:e""g ass'?ransl?ion ^eWeraturis higher than 0°c and low 
affinltf^o sublimation djes of the type used herein. The 
jHrtt?tves serve to Improve dispersion, coating aid, mar, 
M^ii oi othel features of the image or the printing and 

,5 ?ransfe? process lurf actant materials such as Do« Corning 
MdJIives, or BVK Chemie's DisperBYK^ could be used. 

^H'^^'^^r: "or^'o^^et nim\°lT;^%^\°tin^ 

30 „ Snolof 

film (e.g., pet "^Y-^"' „^ naner of 10 - 50 microns 

^ ?Lc\n-esl° "co^in^lar-Jco^^^^^^^^^ 

coating on the substrate shouia application to 

^rnfe^f propll rete\Ti"o1 t^ % 'c^'^^r,, dSing thermal 
printing. 



40 



Formulation Example 1 weight % 

Material Tl) 
Sublaprint 70069 ^ 



Paraffin Wax R-164 

45 Polywax 500 ^ 2 2 

Piccolastic A70 • 

Ultrathene* UE 649-04 ^ 0.75 

DOW corning' 7 Additive Oj^"^ 
Toluene 

50 Heptane j^q^ 

TOTAL 



Keys Jn:;:^::^:: .s.; 3. .00.. . M--^^^-f--- 

4. Hercules, Inc.; 5. Quantum Chemicals, Inc., 6. Dow corning v. rp 



55 
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The formulation of Example 
gravure coating onto 4. 5, micron 
at a temperature of 60 - 80°C to 
3 microns. 



1 may be coated by reverse 
Mylar (DuPont Corporation) 
achieve a dry thickness of 



Formulation Example 2 

Material , Weight , % 

Bafixan"" Red BF' \ 10 

ChemCor* Emulsion 10135 30 

Michem*Lube^ 160 20 

Mocryl* 132' ^ 10 

Lucidene* 395 5 

Dapro* DF 880 0.1 

Areosolv* PTb' 4-9 



Distilled Water 



20 



TOTAL _ __ - 

1. BASF corporarion; 2. Chemical Corporation of America; 3. Michelman, Inc.; 4,5. Morton 
International; 6. Daniel Products Company; 7. KRCO Chemical 

Formulation 2 may be coated after agitation and 
dispersion by mechanical means by reverse gravure coating 
onto 4.5 micron Mylar (DuPont Corporation) at room 
temperature resulting in a dry thickness of 3 microns. 

The surface preparation material is coated in sequence 
on a panel of the ribbon. In the preferred embodiment, 
there are sequential panels of cyan, yellow and magenta, 
with a fourth panel coated with a surface preparation 
material. Fig. 4 demonstrates the sequence of the color 
panels on the ribbon 20, with Y, M, C, representing yellpw, 
^tgenla and cyan panels, respectively representing 
the surface preparation material panel of the ribbon. The 
su^flci prepLa^ion material is preferred to be a polymer 
refin (polymer, copolymer and terpolymer) containing 
polyeste?, p'^lyvinyl acetate and/or polyurethane etc. with 
a relatively low melting temperature (< 200 C) . Such 
materials possess the molecular function group of 

0 

II 

-0-C-R- 

and achieve satisfactory results as receptor sites for 
sublimation dyes at the sublimation temperature of the 
dves, and possess an hydroxyl function group which bonds 
wi?h cotton fabric. In order to have satisfactory bonding 
with ?he cotton fabric at the fabric swelling stage during 
^iermal process and adequate flexibility of the final 
product, the surface preparation ™^terial should have a 
glass transition temperature lower than 100 C. 
firthermore, to have a "non-sticky" hand or feel of the 
coated substrate, and fastness of the dye ^I'^^ .^^s 
substrate, the polymer resins should have a glass 
tJansitioA temperature which is above -50°C, and preferably 
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above -20°C. The surface preparation materials can be 
selected from a group comprising poly(methyl methacrylate) , 
poly(vinyl acetate), polyether polyurethane, poly(ethyl 
methacrylate) , poly(methyl acrylate), poly{ethyl acrylate), 
5 poly(isobutyl acrylate), poly ( isobutyl methacrylate) , 

poly(butyl acrylate), poly{butyl methacrylate) , poly(benzyl 
methacrylate) , poly ( 2-ethylhexyl acrylate), poly(2- 
ethylhexyl methacrylate ) , poly ( hexyl methacrylate ) , 
poly(butylene terephthalate) , poly(vinyl butyral), poly 

10 (vinyl stearate), poly (octadecyl methacrylate), etc. and 

the copolymer or terpolymer with other polymer materials 
with low melting point, low glass transition point 
poly(vinyl ethyl ether), poly{vinyl chloride), 
poly(vinylidene f luoride) , poly (vinyl methyl ether), etc. 

15 Generally, such surface preparation polymers have molecular 

weights of less than 500,000, and can be coated onto a 
ribbon in a hot melt, solvent or water-reducible emulsion. 

An antioxidant can be added into the polymer 
20 component, in order to prevent oxidation of the polymer at 

eleyated temperatures. Without such antioxidant, most 
polyesters and polyvinyl acetates will turn yellow due to 
the chemical oxidation process with the oxygen in^the air. 
Approximately 0.1% - 5% (by weight) of antioxidant can be 
25 added to the formulation during the ribbon manufacturing 

stage. Examples of such antioxidant materials include 
Raschig Corporation's Ralox* Antioxidants, Eastman 
Chemical's Aquas tab* Antioxidants and Ethyl Corporation's 
Ethanox** Antioxidants, etc. 

30 

Printers using methods other than the method employed 
by multiple pass thermal printers as described above may 
be used. . Color inks or toners are printed onto a medium, 
which may be paper, without activating or sublimating the 

35 ink or dye. The surface preparation material is printed 

over the ink layer. Upon subsequent transfer of the ink 
layer to the substrate, the surface preparation material 
will have direct contact with the substrate. As above, 
activation of the resins of the polymeric surface 

40 preparation material occurs during the higher temperature 

process of transferring the inks from the medium to the 
substrate. Cross ■ linking and bonding of the surface 
preparation material to the substrate occurs during this 
sublimation transfer stage. 

45 

The method may be used with ink- jet, bubble ^et and 
phase change ink- jet printing. With these printers, the 
preparation material is applied in the same manner as the 
ink material. If three colors are used in the printer, a 

50 fourth reservoir and fourth printing nozzle is provided in 

addition to the reservoirs and nozzles provided for the 
cyan, yellow, and magenta inks. Viscosity and stability of 
viscosity, foaming, heat sensitivity, printing filter 
porosity, and other variables are controlled to ensure 

55 proper delivery of the preparation material, in the same 
manner as the color inks . 
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Ink used in ink-jet and bubble-jet printing may 
comprise monomer or polymer materials in either solvent or 
emulsion form, an initiator or catalyst (which may be 
compounded into the inks so as to provide separation from 
5 the polymer), a corrosion inhibitor, a flow control aid, a 
viscosity stabilization aid, an evaporation control agent, 
an anti-foaming chemical, a fusing control agent, 
fungicides, and anti-oxidants . Formulation Example 3 is an 
example of an ink composition comprising heat activated 
10 inks and a polymeric surface preparation which may be used 

with ink jet printers* 

Phase change ink jet printers use a solid ink which 
may be in stick form. This "ink stick" comprises heat 

15 sensitive inks, wax material, polymer binder and additives 
such as those used in the ink jet formulation above to 
control, melting, flow, corrosion and other variables. The 
ink is changed from solid to liquid by melting the ink 
stick in a controlled fashion to apply the inks and achieve 

20 printing. The inks may be applied in three or more colors, 

such as cyan, yellow and magenta to achieve multi-color or 
full color printing. A solid stick comprising a polymeric 
surface preparation is provided. Wax material, a polymer 
binder and additives may be included. The surface 

25 preparation material is applied from this solid stick over 

the image printed by the printer onto the medium, for the 
reasons described above. Alternatively, the surface 
preparation material could be combined with one or more of 
the ink sticks containing the inks or dyes, with the 

30 surface preparation material applied to the medium along 

with the ink or dye as the medium is printed. As described 
above, it is desirable for the surface preparation material 
to be applied as or from a top layer of the dye layer of 
the medium so that the surface preparation material 

35 contacts the surface of the substrate as the image is 

applied to the substrate. 
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Formulation Example 3 

Material _ , m^htl 

Sequabond*3010AF 

Sequabond*330p' 1° 

Lucidene 6452 Tn 
Plyamul4 0305-00 , JO 

NA-SUL corrosion inhibitor 0.25 

Nalco*2309= 

KathonW . I'll 

DynaGel* (lOObloom) 0.30 

DPG AO 14 

n,-e^^npd Water 

TOTAL t I - 

RohiD and Haas Company; 8. Dynagel Inc. 

Size. The initiating ^^^^^^^^^^^^^ adjusted so that 

?f?.trt"4%^^??ac%°%repiraJii does no. cause 

significant bonding to the medium. 

: The application of inks al^ved by 

.. cotton fiber substrates "^Y ^.^^ "the permanent 

IS^^rent a^ ..Tr'o^thV°of' a TeS^^a^lriai onto an existing- 

substrate • 

Chemical 9"'""? J-n''3t=bstra\T?rm" dlfy 'o? 
polymerization of monomers to a su^^^^^^ any damage 

improve the P=:°Psrties ot tne = different type of 

of the substrate itself. , "v"' jtlng provides a 

monomers and initiators, |Jemical grafting p^^^^ ^ 

purely chemical method of a«J.vating .J^jjing of a 

lSbst?ate and the "■"P""^^^^^^^^^ the substrate under 

ri??rrln?° crnStlfns , 'ruch"as"c:rtain temperature , curing 
method and catalyst systems . 

Grafting has advantages over conven^^^^^^ 

modification -^^°i\,=^f,/%S??o; nylon,' ^silk, jute 
grafting is suitable , ^ c Jers to achieve end 

polypropylene, polyester and other t^^---^^ ^^^^i^y 

use purposes, including i^^f^^sing j^a liver produced 

permanent -ttacj^ent and extremely thin lay^ 

by grafting onto ^J^^^^^^^^^^, ^^^^^f^^th^^^^ 
certain fibers. For example, poiyetner y y 
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be used to improve the dying ability of cotton fibers 
through chemical grafting in combination with the use of 
modified polyethylene glycols. Grafted materials have been 
proven to possesses much higher resiliency and dying color 
5 strength than the fabric itself. 

Depending upon the particular substrate and end use of 
.the substrate, qhemical grafting can be performed using 
different grafting materials (i.e. monomer/polymer 
10 materials, catalyst, curing method, etc.) such as 

polyurethane, urea formaldehyde, polyester, polyether, 
polyvinyl acetate, polyacrylic acetate, and can be 
accomplished by using UV-curing, catalyst curing or/and 
thermal curing methods . 
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WHAT IS CLAIMED IS: 

1. A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating, comprising the 
steps of: 

^ a. printing heat activated ink solids in a desired design 
onto a medium at a temperature which is below a 
temperature at which said ink solids are activated; 

b. printing a polymeric surface coating onto the medium 
in a design formed by the ink solids, so as to cover 
said design formed by said ink solids with said 
polymeric surface coating, wherein said thermal 
printing of said polymeric surface coating is at a 
temperature which is below the temperature at which 
said ink solids are activated and below a temperature 
at which said polymeric surface coating is activated; 
and 

c. transferring said ink solids and said surface 
coating from said medium to a substrate on which 
the design is to permanently appear by applying 
heat to said medium at a temperature which is 
above the temperature at which said ink and said 
polymeric surface coating activate, wherein said 
polymeric surface coating and said ink solids are 
activated and said polymeric surface coating is 
bonded to said substrate, and said ink solids are 
deposited onto said substrate from said medium 
and are bonded to said substrate in the desired 
design by means of said polymeric surface 
coating. 

2. ^A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating, comprising the 
steps of: 

a. preparing an ink composition comprising heat activated 
ink solids and polymeric surface coating; 

b. printing said ink composition onto a medium in a 
design formed by the ink composition, wherein said 
printing of said ink composition is at a temperature 
which is below a temperature at which said ink solids 
and said polymeric surface coating are activated; and 

c. transferring said ink composition from saici medium 
onto a substrate on which the image is to appear by 
applying heat to said medium at a temperature which is 
above the temperature at which said ink and said 
polymeric surface coating activate, so as to cause 
said polymeric surface coating and said ink solids to 
activate, wherein said polymeric surface coating bonds 
to said substrate and said ink solids are deposited 
onto said substrate from said medium and bond to said 
substrate in the desired design by means of said 
polymeric surface coating, 

13 
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3. A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating as described in 
claim 2, wherein ink compositions are prepared in at least 
three different colors and at least one of said 
compositions comprises polymeric surface coating. 



4. A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating, comprising the 
steps of: 

a. preparing a thermal printer ribbon having at least one 
panel comprising heat activated ink solids, and having 
at least one other panel comprising a polymeric 
surface coating; 

b. printing by thermal means said heat activated ink 
solids in a desired design onto a medium at a 
temperature which is below the temperature at which 
said ink solids are activated; 



c. printing by thermal means said polymeric surface 
coating onto the medium in the design formed by the 
ink solids, so as to cover said design formed by said 
ink solids with said polymeric surface coating, 
wherein said thermal printing of said polymeric 
surface coating is at a temperature which is below the 
temperature at which said ink solids and said 
polymeric surface coating are activated; and 

d. transferring said ink and said polymeric surface 
coating from said medium onto a substrate on which the 
image is to appear by applying heat to said medium at 
a temperature which is above the temperature at which 
said ink and said polymeric surface coating activate, 
so as to cause said polymeric surface coating and said 
ink solids to activate, wherein said polymeric surface 
coating bonds to said substrate and said ink solids 
are deposited onto said substrate from said medium and 
bond to said substrate in the desired design by means 
of said polymeric surface coating. 



5. A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating as described in 
claim 4, wherein said panels comprising ink solids comprise 
cyan, yellow and magenta ink solids. 



6. A printed substrate produced by the method of printing a 
design using heat sensitive ink solids and a polymeric 
surface coating as described in claim 1. 
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7. A printed substrate produced 
design using heat sensitive 
surface coating as described 



by the method of printing a 

ink solids and a polymeric 
in claim 2. 



8. A printed substrate produced by the method of printing a 
design using heat sensitive ink solids and a polymeric 
surface coating as described in claim 3« 



9. A printed substrate produced by the method of printing a 
design using heat sensitive ink solids and a polymeric 
surface coating as described in claim 4. 



10. A printed substrate produced by the method of 
design using heat sensitive ink solids and 
surface coating as described in claim 5. 



11. A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating as described in 
claim 1, wherein said printing of said heat activated ink 
solids and printing of said polymeric surface coating is by 
means of a thermal printer. 



12. " A method of printing a design using heat sensitive ink 

solids and a polymeric surface coating as described in 
^'^ claim 1, wherein said printing of said heat activated ink 
solids and printing of said polymeric surface coating is by 
means of an ink jet printer. 

13. A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating as described in 
claim 1, wherein said printing of said heat activated ink 
solids and printing of said polymeric surface coating is by 
means of a bubble jet printer. 



14. A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating as described in 
claim 1, wherein said printing of said heat activated ink 
solids and printing of said polymeric surface coating is by 
means of a laser printer. 



15. A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating as described in 
claim 2, wherein said printing of said heat activated ink 
solids and printing of said polymeric surface coating is by 
means of a thermal printer. 



printing a 
a polymeric 
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16. A method of printing, a design using heat sensitive ink 
solids and a polymeric surface coating as described in 
claim 2, wherein said printing of said heat activated ink 
solids and printing of said polymeric surface coating is by 
means of an ink jet printer. 



17. A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating as described in 
claim 2, wherein said printing of said heat activated ink 
solids and printing of said polymeric surface coating is by 
means of a bubble jet printer. 



18. A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating as described in 
claim 2, wherein said printing of said heat activated ink 
solids and printing of said polymeric surface coating is by 
means of a laser printer. 



19. A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating as described in 
claim 3, wherein said printing of said heat activated ink 
solids and printing of said polymeric surface coating is by 
means of a thermal printer. 



20. A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating as described in 
claim 3, wherein said printing of said heat activated ink 
solids and printing of said polymeric surface coating is by 
means of an ink jet printer. 



21. A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating as described in 
claim 3, wherein said printing of said heat activated ink 
solids and printing of said polymeric surface coating is by 
means of a bubble jet printer. 

22. A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating as described in 
claim 3, wherein said printing of said heat activated ink 
solids and printing of said polymeric surface coating is by 
means of a laser printer. 



23. A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating as . described in 
claim 1/ wherein said printing of said heat activated ink 
solids and printing of said polymeric surface coating is by 
means of a phase change ink jet printer. 
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24. A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating as described in 
claim 2, wherein said printing of said heat activated ink 
solids and printing of said polymeric surface coating is by 
means of a phase change ink jet printer. 



25. A method of printing a design using heat sensitive ink 
solids and a polymeric surface coating as described in 
claim 3, wherein said printing of said heat activated ink 
solids and printing of said polymeric surface coating is by 
means of a phase change ink jet printer. 
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CAPIURING AN IMAGE 



INPum^fG THE imsjE 

INTO S1CE?AGE 



JL 



PRINTING THE liVIAGE AND THE SURFACE 
PKEPAKATICN MATERIAL EEOI STCRAGE BY 
MEANS OF A OIVIPUIER DRIVEN PRINTER 



TRANSFERRING THE IMAffi AND THE SOEIFACE 
PKEPARATICN MATERIAL EEOd THE MEDIUW TO 
AI^ CBJECT BY THE APPLIC^IOI OF HEAT. 
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